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INTRODUCTION
Asparagus (Asparagus officinalis L.) is a perennial crop with high production costs. Profits can be improved by increasing the yield, which is a primary aim of breeding programs for this species. A variable genetic pool is necessary for the selection of more productive plants, and knowledge about yield and productivity heritabilities is extremely important for strategies designed to improve this crop.
Even after more than 100 years of research into ways of improving this crop, there is still little data on the heritability of A. officinalis. Legg et al. (1968) and López Anido et al. (1997) reported on broad-sense heritability and no information about narrow sense heritability. Correlation coefficients can help determine the secondary characters that would be useful as indicators of the more important ones under consideration (Johnson et al., 1955) .
We estimated the narrow sense heritability and assessed the phenotypic correlation between vegetative and productive characters in white asparagus populations.
MATERIAL AND METHODS
Nine hundred plants from three white asparagus populations (Ohlsen-Enke, Vilmorin and Clause), of the cultivar Argenteüil, were studied for three years (1992) (1993) (1994) . At the end of the third harvest period, 32 pistillate and 64 staminate plants were selected based on their yield performance, and then left to open pollinate to obtain a population of 32 maternal half-sib families. Since asparagus is a perennial species, the population remained in the experimental field for several subsequent years. Selected plants were cloned by crown division, yielding four repetitions.
In December 1996, one-year-old crowns of the 32 families were planted in a randomized, complete block design with four replications in Zavalla, Argentina (33º 01' SL and 60º 53' WL). Each repetition included eight plants per family. A cloned part of each family mother plant and two parental staminate plants chosen at random were also included at the beginning of each repetition. To eliminate the influence of environment and plant age on the estimate of heritability, a sample (600 plants) of the original populations (Ohlsen-Enke, Vilmorin and Clause) was planted in the same experimental field at the same time. The planting grid consisted of 2 m between rows and 0.45 m between crowns within a row.
During the spring of 1997, the following variables were evaluated in parental plants and their offspring (both planted in 1996): days to harvest, number of days from the cutting of the green top to the emergence of the first spear, number of spears and average diameter of spears. In April 1998 (final growth period), the green tops were cut and the following vegetative characters evaluated: number of stalks and plant height and weight when cut at ground level.
The variables that did not fit the assumption of a normal distribution were transformed as x' = √x + √ (x + 1).
The selection differential (S) was calculated as the deviation of the phenotypic means of selected parental (cloned) plants relative to the corresponding means of the original population. The response to selection (R) was estimated as the difference between the phenotypic means of the progeny and the mean of the original population (Falconer, 1991) . In both cases, standardization was achieved using the expressions: S st = S/σ pgo and R st = R/σ pgo , where S st = standardized selection differential, σ pgo = phenotypic deviation in the parental population and R st = standardized selection response. The heritability for different characters was estimated as realized heritability, h 2 st = R st /S st , and by the parent-offspring regression method, using the mean phenotypic values of the offspring and those from the pistillate progenitor, where h 2 = 2b op . The phenotypic correlation coefficients between variables were calculated as described by Falconer (1991) .
RESULTS AND DISCUSSION
There were no significant differences in the mean values between the traits evaluated in the base population planted in 1992 and in 1996.
Realized heritability
The mean values for the parental population, selected fraction, offspring, selection differentials and selection response were calculated ( Table 1) . The values for realized heritability ranged between 0.18 and 0.68, except for days to emergence, which had a value of zero (Table 2 ). The 144.5 ± 10.5 144.2 ± 9.8 144.8 ± 11.3 140.3 ± 8.9 139.5 ± 8.4 141.8 ± 9.8 147.9 ± 9.5 147.0 ± 9.3 147.8 ± 9.2 5 ± 2.08 5 ± 2.14 6 ± 2.02 7 ± 1.96 7 ± 2.03 7 ± 1.85 6 ± 1.89 6 ± 1.89 6 ± 1.91
Spear diameter (mm)
11.3 ± 3.2 11.0 ± 2.9 11.7 ± 3.4 12.5 ± 2.5 12.2 ± 2.3 13.0 ± 2.7 11.7 ± 1.8 11.7 ± 1. general lack of genetic variability in this character reflected the strong indirect selection applied to the original stock to improve precocity because of the negative correlation between days to emergence and yield (Ellison, 1986) . For most of the variables, there were no large differences in heritability between the sexes, although means of 0.44 and 0.25 stalks were obtained for staminate and pistillate plants, respectively. For this character, intensive selection was applied to males, resulting in an S st of 0.98 and 0.83 for staminate and pistillate plants, respectively (Table 1) . For spear diameter, the heritability was 0.60 for staminate plants and 0.42 for pistillate ones, with no differences in the intensity of selection between the sexes (S st = 0.40 in both sexes). However, the response to selection (R st ) was greater in staminate plants, with a larger influence of the additive component of the genetic variance for this character in males.
For the whole population (pistillate and staminate plants combined), greater values of heritability were obtained for spear diameter (0.58) and plant weight (0.59). Currence (1947) evaluated the offspring of selected plants of the 'Mary Washington' variety (green asparagus) and observed that spear diameter in the offspring was related to spear diameter in the parental population, demonstrating that this character could be determined by the parents' phenotype, thus inferring high heritability.
The number and diameter of spears produced per each plant are the principal components of yield in this species. The number of spears produced is highest during the second year so that an increase in the heritability for this variable is expected during the second year of production. In contrast spear diameter does not vary between the first and successive years (Cointry et al., 1996) , so it is advisable to select for spear diameter during the first year and for spear number during the second.
Heritability by regression
The heritability values determined by the regression method were generally 50% lower (Table 2) , with the exception of days to emergence (h 2 = 0.14). For this method, only female progenitors were considered. This procedure may have introduced a bias into the results since heritability (calculated as realized heritability) showed higher values for staminate plants, with the only exception being plant height, although the differences between the values of heritability obtained for the general population were less by both methods. As stated by Falconer (1991) : "selection causes the variance between parents to be reduced and consequently the covariance of sibs to be reduced. As a result, the heritability estimated from intraclass correlation is biased and can be as much as 50% below its true value. If the selection of parents is based on the character whose heritability is being estimated, it does not affect the regression of offspring on parents, but it reduces the precision because it reduces the variance of the parents." Legg et al. (1968) reported heritability values of 0.18, 0.24, 0.29 and 0.33 for spear diameter, days to emergence, number of stalks and plant weight, and López Anido et al. (1997) obtained similar values (0.15, 0.27, 0.12 and 0.16, respectively) . These values were lower than those obtained here, especially for realized heritability. Since heritability is not a property of the character alone, but also reflects populational and environmental circumstances, the heritability for a given character must be understood to refer to a particular population under particular conditions (Falconer and Mackay, 1997) .
Phenotypic correlation
Since a large number of characters must be considered in a selection program, it is necessary to know their heritability and the relationships between them in order to choose the selection model to be used. Phenotypic correlation (Table 3 ) revealed a relatively high association between the number of stalks and plant weight (r = 0.67, P<0.01), and between plant weight and height (r = 0.61, P<0.01), indicating that the weight of the green top is fundamentally related to these characters. There was also a significant positive correlation between the number of stalks and the number of spears, probably because both originate from the same growth buds in the crown. Similar results have been reported by Tiedjens (1924) , Ellison and Scheer (1959) and Ellison (1986) , who also demonstrated a negative correlation between the number and diameter of spears. In our study, both of these variables were also negatively related, though the correlation was not significant. Haber (1932) similarly found no significant correlation between these variables, whereas Pandita and Bhan (1990) found a significant value of -0.20. These values were not considered useful for improvement programs. Finally, there was a significant, negative correlation between days to emergence and all the other characters, probably because of the strong selection applied.
CONCLUSIONS
Based on the high heritability shown by the different characters, especially the yield components (spear number and diameter), we conclude that the determinant genetic effects of the phenotypic expression of these characters are fundamentally of the additive type. For this reason, a high response should be achievable after several selection cycles. In addition, the high association between number of stalks (an easily measured vegetative variable) and number of spears (principal yield component) should allow for the selection of productive plants based on vegetative characters.
